Paku atai plant (Angiopteris ferox Copel), specifically the tuber has been used empirically as an anticancer and antidote materials by Dayaknese in West Kutai, with limited scientific study. Thus, this research had been conducted to determine and evaluate the total phenolic, flavonoid content of this plant along with the antioxidant and toxicity profile. The research used several extracts' solvents including extraction with ethanol (crude extract, CE) and subsequently partitioned with n-hexane (HF); ethyl acetate (EF) and ethanol aqueous (EAF). The resulted crude extract and fractions were then analyzed through colorimetric method to determine the phenolic and flavonoid total; with DPPH and FRAP to observe the antioxidant activity; and using BSLT method to evaluate the toxicity activity. The results showed that the EF fraction provided the strongest antioxidant activity with IC 50 value of 13.79 μg/mL and iron reduction with FRAP value of 387.5±6.41 µM/g. However, a high correlation was observed between the antioxidant and the total phenolic content (r 2 = 0.970 -0.974) but little correlation in total flavonoid (r 2 = 0.345 -0.373). Furthermore, the EF (19.56±7.35) showed the highest toxicity activity followed by CE (22.42±2.10), HF (39.52±7.38), and EAF (41.75±5.10). Therefore, the paku atai tuber can be potentially developed as a natural antioxidant and anticancer material.
Introductions
The reactive oxygen species (ROS) form as products under normal physiological conditions due to the partial reduction of molecular oxygen. ROS are by-products of aerobic respiration involved in some modification of cellular reactions such as exposure to heavy metals, ionizing radiation and oxidant. Normally, ROS can be eliminated by the presence of endogenous antioxidant such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione reductase (GR). However, the oxidative stress occurs when the balance between the oxidative and antioxidant in the body is changed by excess ROS production or insufficient of antioxidant defenses which causes cell damage and affects the body. To manage the process, the body's defense system will require external antioxidants (Cavas and Yurdakoc, 2005; Jia et al., 2014; Kim et al., 2016) .
Antioxidants can neutralize free radicals by receiving or donating electrons; they will not turn into free radicals and remain stable. Antioxidants are effective to protect organisms against oxidative damages caused by ROS (Cho et al., 2011) . Many antioxidants are found in vegetables, fruits and medicinal plants such as tocopherol, ascorbic acid, carotenoid, phenolic and flavonoid are good sources of antioxidants (Larson, 1988; Zerargui et al., 2016) .
The increasing effects of damage in the body makes it necessary for the strategy of chemoprevention and the development therapeutics using natural ingredients such as plant extracts. Some plants have optimum characteristics of ROS level suppression and inhibition of the oxidation process that may significantly reduce the damage of cell structure in the body. The alleged mechanism occurs due to the presence of chemical compounds such as phenolic, and flavonoids that are responsible for protecting the body (Poulillot et al., 2011; Karim et al., 2014) . Phenolic and flavonoid have a phenol ring with at least one hydroxyl substituent that enables inhibiting of ROS, reducing metal ions, modulating proteins phosphorylation related to inhibition of enzyme activity and inhibiting lipid peroxidation eISSN: 2550-2166 © 2019 The Authors. Published by Rynnye Lyan Resources (Poulillot et al., 2011) . Several studies have reported that the increasing dietary intake of natural antioxidants from plant may reduce coronary heart disease, cancer mortality and longer life expectancy (Halliwell, 2007; Rios et al., 2009 ).
Angiopteris ferox Copel or Indonesian namely "paku atai" is one of the ferns plants used as medicinal plants in Indonesia, that has the potential to develop as an antioxidant. In East Kalimantan, paku atai is empirically used as a drug as a breast anticancer and detoxification from the leaves, stems, sap and to its tubers. Fresh leaves, stems and tuber of paku atai are processed by boiling and drinking the water. The fresh tuber is shredded and mixed with rice flour then processed into powder, affixed to the affected body part. The sap from the tuber can be used directly by applying into the surface of the body's painful skin (Sundu et al., 2018) .
Paku atai has been scientifically studied contain flavonoids, phenols, saponin, tannins and alkaloids (Sundu et al., 2018) . However, the bioactivity studies of this plant compounds are still limited. Thus, this research had been conducted to study the antioxidant activity and toxicity of the extract and fractions of paku atai tuber, which can be useful in the anti-cancer research in the future.
Materials and methods

Materials
The reagents used were analytical grade 1,2-diphenyl -2-picrylhydrazyl (DPPH), ferrous sulfate, ferrous chloride, 2,4,6-tripyridyl-s-triazine, citric acid, quarcetine, ethanol, ethyl acetate, n-hexane, hydrochloric acid (HCl), magnesium powder, Follin Ciocalteu, sodium acetate, aquabidestillata and Artemia salina Leach eggs.
Sample preparation
Paku atai (Angiopteris ferox Copel) tuber collected from East Kutai, Linggang Bigung District East Kalimantan and the classification (species) of paku atai plant was determined in Plant Anatomy and Systematic Laboratories, Mulawarman University Indonesia. The paku atai tuber was washed and air-dried at 50°C in the oven for 1-2 days until the weight was constant. Then, the sample was ground with a grinder. The grounded sample was extracted with ethanol 96% by maceration and then fractioned by liquid-liquid extraction. Briefly, each 500 g of sample was mixed with 2000 mL 96% (v/ v) ethanol and left overnight at room temperature. The supernatant of each sample was filtered with filter paper Whatman (150 mm) and the residue was re-macerated two times with 96% ethanol to achieve complete extraction. All extract was concentrated by a rotary evaporator at 50°C to obtain ethanol extract, namely crude extract (CE). The crude extract was then fractioned by liquid-liquid extraction. The extract was dissolved in ethanol-aqueous (1:10) v/v and dispensed into a separating funnel. The extract was also partitioned sequentially with n-hexane and ethyl acetate to obtain nhexane fraction (HF) and ethyl acetate fraction (EF) respectively. The resulting solvent fractions were concentrated using the rotary evaporator and dried in the vacuum oven at 30°C. Then, the ethanol-aqueous fraction (EAF) was freeze-dried. The crude extract and the other solvent's fraction were stored in the dark at 4°C .
Determination of total flavonoid and phenolic content
The total phenolic content in crude extract and various fractions were determined based on FolinCiocalteu method with slight modification (Singleton et al., 1999) , while the flavonoid content was determined using AlCl 3 colorimetric method with slight modification (Chang et al., 2002) .
Determination of antioxidant activities
Antioxidant activity were evaluated using two different assay i.e. 1.2-diphenyl-2-picrylhydrazyl (DPPH), and Ferric Reducing Antioxidant Power (FRAP) which were adopted following the methods of Benzie and Strain, 1996, Karim et al. (2014) , and Nur et al. (2017) with slight modifications.
DPPH scavenging assay
Briefly, 0.2 mM DPPH solution and various concentration of the extracts and fractions (CE, HF, EF and EAF) with the serial dilution 1-1000 μg/mL) were prepared. Each sample was aliquoted into the flask and added with 1 mL of DPPH solution. The mixture was then diluted with ethanol to a total volume of 5 mL in the flask. The mixture was allowed to incubate for 30 mins in the dark at room temperature before measuring its wavelength at 515 nm. The scavenging effect was calculated based on the percentage of changing of the purple DPPH solution into yellow against the control (DPPH solution only without sample). The IC 50 of the DPPH assay represents the concentration of the tested sample needed to reduce the DPPH by 50% where the value is obtained from linear regression graph (Karim et al., 2014) . The percentage of inhibition value was calculated with the following formula: Where Abs blank is the absorbance of the control and Abs sample is the absorbance of the sample. Quercetine was used as positive reference.
Ferric reducing antioxidant power (FRAP) assay
For FRAP assay, 500 µL of the tested sample (CE, HF, EF and EAF) was added with 100 µL ferric chloride solution (3 mM in 5 mM citric acid) and 2 mL TPTZ solution (1 mM in 0.05 M hydrochloric acid). The sample mixture was measured at the absorbance of 615 nm and the absorbance data was calculated against serial dilution of ferrous sulfate as standard curve (16; 
Toxicity activity by brine shrimp lethality test (BSLT)
Toxicity activity of extract and various fractions of paku atai tuber was carried out using BSLT method with slight modifications by Meyer et al. (1982) . Firstly, Artemia salina Leach eggs were soaked in 50 -100 mg of seawater in an incubator for 48 hrs. The incubator was equipped with lights as a light source and was given an aerator that serves as oxygen supply and keeps the eggs from settling. The eggs were confirmed hatched and became larva. An amount of serial dilutions of extract and various fractions (20, 40, 60, 80 , and 100 μg/mL) were prepared. About 10 A. salina larvae aged 48 hrs were randomly selected and transferred into the container. About 100 μL of extract and various fractions dilution were added to the test container (triplicate treatment). Then, the solutions mixture was incubated for 24 hrs at room temperature under illumination. The percentage of mortality of A. salina larvae in every concentration was counted and determined of LC 50 value is the concentration that caused 50% of the death of larvae. The percentage of mortality value represented by the following equation:
Statistical analysis
Data analyses were performed using SPSS Statistic (21 version) software. Levels of significance were determined using one-way ANOVA followed by turkey test, where all samples of treatments were compared to the control. All data where expressed as mean ± standard deviation and p values less than 0.05 were considered significantly different.
Results and discussion
The yield of the crude extract and fractions from paku atai are shown in the Table 1 . The yield of crude extract was 23.6% that indicated the raw material had a greater chance of being utilized. In fact, after fractionation process, EF had the highest yield at 37.1% followed by HF at 32.5% and EAF at 30.5%. This could be due to the compounds contained in paku atai tuber extracts were more of semi-polar to non-polar. One of the factors that influenced the success of extraction was the selection of solvents. The selection of solvents is based on the principle 'like dissolves like' where a compound will dissolve in solvents that has the same polarity (Amaro et al., 2015) .
The antioxidant activity of the crude extract and fractions of the paku atai tuber was analyzed using two tests which were DPPH radical scavenging and reduction of iron (FRAP) test. DPPH has been extensively used as a free radical to evaluate the antioxidant substances present in the crude extract and fractions that will reduce DPPH by donating hydrogen to form the non-radical DPPH (Kedare and Singh, 2011) . The results in Figure 1 showed that EF provided a strongest antioxidant activity compared to the others with IC 50 values of 13.79 μg/mL followed by CE (72.3 μg/mL), HF (73.01 μg/mL), and EAF (78.6 μg/mL). These results suggested that compounds with the strongest antioxidant capacity to reduce DPPH may be more soluble in a semi polar solvent such as ethyl acetate. However, other solvents from polar to less polar such as ethanol-aqueous and nhexane may provide the antioxidant capacity to reduce DPPH radical. Generally, the DPPH scavenging activity of EF was comparable with quercetine as the positive control, a natural antioxidant flavonoid derivate with IC 50 value 2.18 μg/mL (strongest antioxidant).
As for FRAP assay, the sample should be able to provide antioxidants activity based on the Fenton reaction mechanism by chelating metal ions such as Fe 2+ and Cu 2+ responsible to convert hydrogen peroxide into radicals hydroxyl occur into the body (Apak et al., 2007) . The results (Table 2) showed that EF (387.5±6.41 µM/g) had a significantly higher antioxidant activity than the HF (74.85±6.63 µM/g), CE (64.36±2.95 μM/g) and EAF (49.95±1.96 µM/g). Nevertheless, the paku atai tuber extract and fractions still provided a good antioxidant activity. A high antioxidant capacity is indicated by the high FRAP value. It can be noted that the compounds fractioned in the EF of the paku atai tuber are group of flavonoids or phenolics that contributed to the mechanism chelating metal ions and reduce the possibility of the formation of hydroxyl radicals are derived from the anion superoxide radical (Kulisic et al., 2004; Lim et al., 2007) . This also showed that the ethyl acetate was more efficient to partition antioxidant compounds in paku atai tuber than other solvents.
The total phenolic and flavonoid content may be correlated with their antioxidant capacity of the extract and solvent partitioned fraction types of paku atai tuber (Ganesan et al., 2008) . Table 3 shows that the total phenolic and flavonoid contents of the extract and fractions. Based on the results, the total phenolic contents obtained was in the range from 2.58 to 17.55% GAE (w/w) and the total flavonoid content obtained was in the range from 0.07 to 0.14% QE (w/w). Among the extract and fractions, EF had significantly higher levels of total phenolic and flavonoid contents, 17.55% GAE and 0.14% QE respectively which could have a correlation with the antioxidant activity (Ye et al., 2009 ). HF and EAF had significantly lower levels than EF.
The phenolic and flavonoid contents of the extract and fractions have a role in increasing its antioxidant activity, both in DPPH radical capture and iron reduction power activity by FRAP testing. The correlation between the amounts of phenolic and flavonoid contents of the extract and fractions against the antioxidant capacity can be seen in Figure 2 . Based on Figure 2(A) , it was shown that the relationship between total phenolic contents with the antioxidant activity in reducing radical DPPH had a correlation coefficient of 0.974. This indicated that the contribution of phenolic in extract and various fractions of antioxidant activity were affected by 97.4% while 2.6% of antioxidant activity was influenced by the contribution of other non-phenolic compounds. The same trend was observed in reducing power activity with a correlation coefficient of 0.970 where 97% of antioxidant activity to reduce Fe 3+ to Fe 2+ was influenced by phenolic compounds while the 3% was influenced by non-phenolic compounds. In this data, it can be estimated that the phenolic contents of samples were correlates directly with antioxidant activity.
Minimal correlation was observed between the total flavonoids and antioxidant activity for DPPH scavenging in Figure 3 (A) (r 2 = 0.345) and for reducing power in Figure 3 (B) (r 2 = 0.373) of the extract and fractions. It can be interpreted that 34.5% and 37.3% of total flavonoids in the extract and fractions gave contributions as antioxidant to DPPH radical scavenging and reducing power respectively. In this case, flavonoid compounds of extract and various fractions of paku atai tuber may not be directly correlated with their antioxidant activities.
BSLT is a very easy, inexpensive method for toxicity testing that strongly supports initial screening to determine the effects of chemical compounds as anticancer. The chemical compound is assumed less toxic if the LC 50 value observed is less than 1000 μg/mL and highly toxic if LC 50 value is less than 30 μg/mL. In this study, 48-hour-old larvae were used because at that age the organs of A. salina larvae were fully formed (Meyer et al., 1982) . The LC 50 value of extract and various fractions are shown in Figure 4 . Based on the result in Figure 4 , the extract and fractions had a toxic effect of A. salina larvae at LC 50 value less than 100 μg/mL (Nguta et al., 2012 The mechanism of larval death is estimated to be related to the presence of flavonoid compounds in the extract and fractions that inhibit the feeding power of larvae. These compounds act as a stomach poison which disrupt their digestive organs. In addition, these compounds inhibit the taste receptors of the larvae which causes the larvae to fail to recognize food and die of starvation (de Padua et al., 1999; Agustini, 2017) . Based on the results of the toxicity assay, the paku atai tuber can be developed as anti-cancer.
Conclusion
This research demonstrated that the extract and fractions from paku atai tuber had significant antioxidant activity with the EF having the highest DPPH radical scavenging (IC 50 value of 13.79 μg/mL) and reducing power based on the FRAP assay (387.5±6.41 µM/g). A high correlation was observed between the antioxidant activity and the phenolics content (r 2 = 0.970 -0. 974) but minimal correlation was observed between the antioxidant activity and the flavonoids content (r 2 = 0.345 -0.373). For toxicity study, EF had the highest toxicity with LC 50 value of 19.56±7.35. This study implied that the EF of paku atai tuber can be considered to be developed as a natural antioxidant and anticancer agent. The measurement data were expressed by mean ± SD (n = 3). Quercetine was used as positive control (PC) for BSLT method. *Shows significant differences between samples and positive control (p≤0.05).
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